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Abstract
Leptospirosis is a common widespread zoonotic disease found throughout the Caribbean.
The infection is produced by a pathogenic Leptospira species found in tropical and subtropical
regions. The severity of the disease ranges from a mild asymptomatic infection to death.
Leptospirosis is a neglected tropical disease due to the lack of public awareness and health
approaches. Therefore, misdiagnosis is common because the symptoms are similar to that of
other tropical endemic diseases. The aim of the study was to determine the presence of
pathogenic Leptospira in water samples collected from Puerto Rico and Trinidad. Sixty-four
environmental water samples were collected throughout the island of Puerto Rico in 2014 during
the wet and dry season, and 58 environmental water samples were collected on the island of
Trinidad during the wet season 2017. Using a Taqman-based real time polymerase chain reaction
(QPCR) that targeted the lipl32 gene, we were able to detect the presence of pathogenic
Leptospira in several water samples. Pathogenic Leptospira were detected in 9% of the Puerto
Rico samples. These included Río Camuy, Río Espíritu Santo, Río Guayanilla, Quebrada
Majagual, Río Fajardo and Río Loíza, which are located in rivers near coastal regions of the
island. In Trinidad, pathogenic Leptospira were detected in 12% of the sampled sites. These
included Maracas River, Las Cuevas Site One, La Fillette, Yara River, Nariva River
Mouth/Manzanilla, Guayaguayare River, Mosquito Creek River Mouth/ Godineau Site One and
Mosquito Creek Site Two. All of the previously mentioned Trinidad sampled sites are located in
rural regions of the island that includes both freshwater and marine samples. The presence of
Leptospira in the Caribbean region represents a serious public health risk to the region.
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Introduction
Leptospirosis is caused by a pathogenic Leptospira species. The infection is one of the
most common global zoonotic diseases (Andre-Fontaine et al. 2015). It is estimated an annual
global incidence of leptospirosis cases of 1.03 million with a projected number of 60,000 as fatal
cases, and if not treated properly it can have a high fatality rate up to 29% (Jancoles et al. 2014).
The incidence of this disease usually increases in tropical and subtropical regions after heavy
rainfall and flooding events.
Leptospires are aerobic spirochetes that include both saprophytic and pathogenic species
within its genus (Adler and de la Pena Moctezuma, 2010). Currently, there are a total of 22
species of Leptospira identified, including 15 pathogenic Leptospira strains and 7 non-infectious
saprophytic species (Levett, 2015; Bourhy et al. 2014).
Leptospira species are classified serologically into serogroups and serovars. Serovars or
serotypes are used to identify a specific strain of a bacteria based on the cell surface antigens.
The Leptospira genus is not classified by Gram staining due to the thin bacterial cell wall
structure. Leptospires are identified as diderms (Dellagostin et al. 2017). Diderms are
structurally like Gram-negative bacteria and contain both an inner and an outer membrane with a
peptidoglycan layer that is centrally located (Cameron 2015). A distinguishing Leptospira
feature is the existence of two periplasmic flagella that are used for motility. (Dellagostin et al.
2017). An external outer membrane encloses the internal cytoplasmic membrane and
peptidoglycan cell wall. The Lipl32 lipoprotein is the main antigen for Leptospira, and it is
found within the outer membrane (Cullen et al. 2004). Also, the structural and functional
proteins are embedded in its outer membrane. The Lipl32 lipoprotein is present only in
pathogenic leptospires (Adler and de la Pena Moctezuma, 2010). The Lipl32 lipoprotein
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occupies up to 75% of the total outer membrane protein (Murray et al. 2009) and plays a role in
stimulating the host inflammatory response during infection (Haake and Zückert, 2015). The
LipL32 lipoprotein occupies 20% of the leptospiral inner surface of the outer membrane. Lastly,
it has been suspected that the LipL32 lipoprotein may serve as a structural role to the organism’s
membrane by providing stabilization, and as a calcium sink (Haake and Zückert, 2015). The role
of a calcium sink is described as an area for calcium in-take in order to avoid degradation of the
Lipl32 lipoprotein when exposed to heat (Hauk et al. 2012).
Leptospires possess two chromosomes, and most of the genes code for unknown proteins
and orthologues (Picardeau, 2015). Although there are only a small number of tools offered for
the genetic manipulation of leptospires, a large number of mutants have been produced that have
improved the understanding of the development of the disease (Dellagostin et al. 2017). Calcium
provides support to the membrane, increases thermal stability of the protein and promotes
binding to fibronectin all of which play an important role in the pathogenesis of Leptospira (Raja
and Natarajaseenivasan, 2015). A connection between cell surface receptors in the matrix
assembly is made by fibronectin, giving it the name of the “master organizer” (Halper and Kjaer,
2014).
Several mammals can become infected and serve as reservoirs to the pathogenic
Leptospira bacteria. Rodents, particularly rats of the Rattus genus, are considered the principal
host of the pathogenic Leptospira. Rats are the main source of worldwide distribution of human
leptospirosis (Lagadec et al. 2016). Rattus spp. are an invasive species, inhabiting most of the
global habitats colonized by humans (Puckett et al. 2016). In developing countries, poor housing
with a lack of sanitation puts individuals at a high risk of acquiring leptospirosis. This is usually
attributed to the high rat density associated with these areas (Haake and Levett, 2015). Recent
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studies have shown that 30% of juvenile non-reproductive rats were infected with leptospires and
had growing bacterial colonies in the kidneys (Costa et al. 2015). Though there is no evidence to
suggest transplacental transmission of leptospires in rats, these findings do indicate that
transmission may arise through interactions with infected milk or association with an infected
mother (De Oliveira et al. 2016).
Leptospires are shed in the urine of the host and thereby contaminate the surrounding soil
and fresh water sources. Other potential animals that serve as reservoirs to the disease are dogs,
cattle, pigs, horses, humans and various wildlife species (Andre-Fontaine et al. 2015). Bats,
cayotes, mongooses, sea lions, tenrecs and even frogs are able to support the growth of
Leptospira in their kidneys and expel the pathogen into the environment (Barragan et al. 2017;
Legadec et al. 2016). In addition, leptospirosis is considered one of the major infectious diseases
for dogs worldwide, potentially increasing the risk of exposure to humans (Ellis, 2010).
Animals such as cattle, are greatly affected by the disease. Bovine leptospirosis is a
growing concern due to substantial economic losses in farm animals (Dellagostin et al. 2017).
Bovine leptospirosis has been identified as causing reproductive issues which include abortion,
still-birth, weak calf syndrome, infertility, and milk drop syndrome (Mughini-Gras et al. 2014).
Biosecurity measures should be implemented in endemic leptospirosis areas which include
separating infected members from healthy cattle, capturing pests such as rats and implementing
measures to prevent interactions with wildlife (Mughini-Gras et al. 2014). In order to achieve
control over the illness there must be a combination of vaccination, antibiotic treatment and
biosecurity applied to the whole herd to prevent the effects of Leptospiral infections.
The shedding of leptospires in urine begins the life cycle of Leptospira. This shedding is
followed by persistence in the environment, where the bacteria has an opportunity to infect a new
3

host, spreading to its blood and kidneys. Once the leptospires gains access to the renal tubular
lumen of the kidney, they will reproduce and inhabit the border of the proximal renal tubular
epithelium (Haake and Levett, 2015). The production of biofilms created by the pathogenic
Leptospira allows the bacteria to persist in the renal tubes for a prolonged period of time, thereby
continuing the dispersion of leptospires (Legadec et al. 2016). Pathogenic Leptospira can persist
outside of its host for up to 74 days under optimal conditions (Jobbins et al. 2014). The total
number of pathogens found in the environment depends on local host densities. The amount of
urine shed by each host will provide approximately the number of total pathogens expelled into
the environment (Barragan et al. 2017). Warm and humid environments promote the endurance
of pathogenic Leptospira outside of its host, therefore, the infection is predominant in tropical
and subtropical regions (Jobbins et al. 2014). An increase in potential cases of leptospirosis has
been identified after natural disasters and floods, and it is constantly encountered in animals and
the natural environment (Jancoles et al. 2014).
Leptospirosis typically occurs when the Leptospira penetrates the host’s body through the
mucosal membranes or open skin wound (Barragan et al. 2017). Although uncommon,
leptospirosis could be contracted through sexual intercourse (when exposed to the urine of an
infected individual), lactation and transplacental transmission, but only if the mother acquires
leptospirosis during the gestation period (Haake and Levett 2015). In rare cases, if leptospirosis
is acquired during pregnancy, it may result in stillbirth (Goldenberg and Thompson, 2003). The
common mode of transmission of infection is through direct environmental contact with the
leptospires.
The shedding of the leptospires may persist for prolonged periods of time without
producing symptoms in the host. Leptospirosis ranges from mild symptoms to a life-threatening

4

illness. Due to the leptospirosis being carried in the blood, a number of organs may be affected,
thereby increasing the lethality of the illness. As a result, symptoms of leptospirosis are often
misdiagnosed for other illnesses (Haake and Levett, 2015). The symptoms produced by
leptospirosis are very similar to other diseases such as malaria, hepatitis, yellow fever, meningitis
and dengue (Cosson et al. 2014). In Puerto Rico and in Trinidad, leptospirosis is frequently
misdiagnosed with other diseasses such as dengue, chikungunya and flu. The similarity in
symptoms of leptospirosis to other diseases may mean that not all cases of leptospirosis are
reported or they are mistaken and treated as other diseases. In addition, cases of infections are
not reported at the serogroup, serovar or even species level. Understanding which species of
pathogenic Leptospira are involved in infections can help reduce modes of transmission by
determining whether there are habitats which allow specific species to survive (Cosson et al.
2014).
The incubation phase of leptospirosis from exposure to onset of symptoms ranges from 7
to 12 days (Haake and Levett 2015). Nonspecific symptoms typically include fever, chills and
headache. Headaches are frequently described as bitemporal, frontal throbbing headache
accompanied by retro-orbital pain and photophobia (Haake and Levett 2015). Pain is commonly
felt in the calves and lower back and is associated with muscle tenderness. A symptom that is
identifiable with leptospirosis is conjuctival suffusion, which is an indicator of the early stages of
Weil’s syndrome (Haake and Levett, 2015). Weil’s syndrome is the most severe form of human
leptospirosis, which is commonly identified by jaundice, renal failure, and hemorrhage with a
variable clinical course; its case of death rate ranges from 5% to 15% (Binti Daud et al. 2018).
In addition, subconjunctival hemorrhages and yellowing of the white eyes were identified in
patients with leptospirosis (Haake and Levett, 2015). Rash has been observed and identified as

5

an uncommon symptom of leptospirosis during the acute phase only. Therefore, misdiagnosing
leptospirosis with other endemic illnesses, such as dengue or chikungunya fever is commonly
reported (Burt et al. 2012; Shanbag, 2010). The chikungunya virus has had large epidemics all
throughout the Caribbean (Simmons et al. 2016).
Misdiagnosis with influenza and other respiratory diseases is common with leptospirosis
as development of a cough is noted in 20-57% of patients with leptospirosis (Haake and Levett
2015). Also, gastrointestinal issues are often identified including nausea, vomiting, diarrhea, and
abdominal pain. Due to the gastrointestinal issues, dehydration occurs in patients with acute
renal failure produced by leptospirosis (Haake and Levett 2015). Acute inflammation of the
gallbladder and inflammation of the pancreas may result in abdominal pain in leptospirosis
patients. Abdominal pain is accompanied with abnormal serum amylase and/or lipase levels,
which are commonly found in admitted patients with leptospirosis (O’Brien et al. 1998). In
advanced stages of leptospirosis, numerous organs, such as the liver, kidneys, lungs and brain,
can undergo deterioration (Haake and Levett 2015).
Comparative phylogenomic assessments have suggested that virulence factors present in
pathogenic Leptospira evolved from a recent common ancestor through gene duplication and
horizontal gene transfer (Xu et al. 2016). The pathogenesis of leptospirosis is strongly correlated
to the virulence-related protein families present in pathogenic Leptospira. Proteins, such as
metalloproteases-associated paralogs, were identified only in pathogenic Leptospira which
mediate the bacteria’s virulence (Xu et al. 2016). Another protein responsible for the virulence of
the Leptospira species is the toll-like receptor 4 (TLR4) protein. The TLR4 protein (coded by the
TLR4 gene) is not able to recognize the Leptospiral lipopolysaccharide (LPS). Rats contain the
TLR4 protein, but they are able to recognize Leptospiral LPS and therefore possess the ability to
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adapt to the Leptospiral infection and/or resistance. Although both humans and rats contain the
TLR4 protein embedded in the plasma membrane, there are structural differences between the
two, specifically in the lipid A component in the TLR4 protein. The presence of other proteins
such as: TLR2 and TLR5 are also responsible for the host response to the symptoms of
leptospirosis. The presence of TLR2 and TLR5 proteins are found in humans and are required for
the pathogenic Leptospira to elicit its harmful effects.
The survivability and virulence of pathogenic Leptospira in fresh water can vary
depending on different conditions. The source of the pathogenic bacteria in fresh water systems
tends to come from the shedding of leptospires from infected mammals, including rodents.
Humans in developed countries shed leptospires through recreational water activities. In
developing countries, farmers and breeders exposed to infected animals and heavy rainfall or
flooding events can easily contract the disease. Understanding the survival of the bacteria in
freshwater systems is essential for managing infections of this zoonotic bacterial disease (AndreFontaine et al. 2015).
Haake and Levett (2015) stated the severity of the disease ranges from a mild
asymptomatic infection, to death of an individual. The study focused on three aspects of the
leptospirosis: epidemiology, pathogenicity and host susceptibility. Death of an individual usually
occurs when there is a high level of pathogenic Leptospira in the blood, which leads to organ
failure and/or a sepsis-like syndrome. Individuals with severe leptospirosis are shown to have an
overproduction of cytokines, and therefore inhibiting the body’s immune response. High levels
of IL-6, TNF-alpha, and numerous other cytokines have been reported in patients with severe
leptospirosis (Reis et al. 2013). Specifically, high levels of IL-6 are considered independent
predictors of death. In addition, apart from Leptospira targeting the kidneys, it also attacks the
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liver. As a result, it decreases and/or inhibits the function of the liver by creating hepatocellular
damage and disruption of hepatocyte intercellular junctions. Another organ that has been found
to be affected by the fatal disease are the lungs, resulting in pulmonary hemorrhage syndrome
(SPHS). Renal failure has been identified, which is characteristic of Weil’s disease. Weil’s
disease is the most severe form of leptospirosis in humans caused by the Leptospira interrogans
pathogenic bacteria and includes all of the symptoms listed above.
Haake and Levett (2015) stated that the risk of acquiring a fatal leptospirosis increased
with age (thirty-six years old and above). In mild leptospirosis cases, the infection may be cured
spontaneously. If the disease is treated early with antibiotics and therapy, there is an increased
chance to cure it. Prevention of leptospirosis relies on awareness, immunization and protective
measures to avoid transmission of the pathogenic Leptospiral bacteria. Unfortunately, human
leptospirosis has been linked to poverty due to the increased presence of rodents and areas where
it is prone to flooding.
Detection of pathogenic Leptospira in many Caribbean islands is not monitored, therefore
the increased danger to human health is unknown. The climate of both Puerto Rico and Trinidad
promotes optimal environmental conditions for the prolonged survival of pathogenic spirochetes.
In these islands, it is critical to detect the presence of pathogenic Leptospira in potential water
sources in order to decrease the rate of transmission to humans and further control the spread of
the harmful bacteria. In this study, we used PCR based methodology to detect the presence of
pathogenic Leptospira in water samples from Puerto Rico and Trinidad.
Leptospira in Puerto Rico
Many islands in the Caribbean region such as Puerto Rico are prone to hurricanes and
heavy rainfall during the wet season. For example, in 2017 the island of Puerto Rico was
8

devastated from the impact of hurricanes Irma, Jose and Maria that caused widespread flooding
with major disruptions to the island’s drinking water supply. The devastation caused by the
impact of all three hurricanes resulted in overwhelmed sewage treatment plants. According to a
news report released by CNN, in the month after Hurricane Maria at least 76 cases of suspected
and confirmed leptospirosis, including two deaths were reported on the island by Dr. Carmen
Deseda, the state epidemiologist for Puerto Rico (Nedelman 2017). It appears that flooding or
heavy rainfall on tropical islands greatly influences the number of fecal bacteria and pathogens
such as Leptospira present in the environment (USEPA 2012; Barragan et al. 2017). Therefore,
assessment of the presence and loads of pathogenic strains of Leptospira in surface water
samples during the wet and dry seasons would provide critical information to public health
officials for adopting steps to prevent the spread of this disease.
Previous methods for the detection of Leptospira relied on using culture isolation and
animal inoculation followed by time-consuming biochemical, antigenic and metabolic profiling
for identification of pathogenic Leptospira. The methods previously mentioned could lead to
false negative results (Faine et al. 1999;Wuthiekanun et al. 2007). Recent molecular approaches
have greatly enhanced the ability to rapidly detect pathogenic strains of Leptospira in
environmental samples (Stoddard et al. 2009; Rawlins et al. 2014; Riediger et al. 2016). A
Taqman qPCR assay was developed to target the lipl32 gene which encodes for 32 KDa
membrane protein of all pathogenic Leptospira species. The lipl32 gene is absent in nonpathogenic species of Leptospira. The assay that targets the lipl32 gene has been used to
successfully detect and quantify this bacterium in environmental water samples (Rawlins et al.
2014; Riediger et al. 2016). However, critical information on the relationship between the
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presence of Leptospira in polluted aquatic environments and water quality parameters, such as
fecal bacteria concentration, pH, DO, etc., is currently lacking.
The concurrent occurrence of fecal waste and urine contamination in environmental
samples implies that surface water containing high levels of fecal pollution may contain higher
concentrations of Leptospira. Therefore, it would be useful to determine if current USEPA fecal
indicator bacteria (eg. Escherichia coli) enumeration has any relationship to the presence of
pathogenic Leptospira in water samples. The USEPA uses fecal indicator bacteria enumeration
as a surrogate for pathogens to evaluate the potential health risk of surface waters. The USEPA
has established guidelines for acceptable levels of E. coli in freshwater (geometric mean 126
cfu/100 ml) for safe water quality (USEPA 2012). In general, high levels of E. coli in water
bodies are thought to increase the risk for the presence of human pathogens (Savichtcheva and
Okabe 2006; Staley et al. 2012). Based on these guidelines, an extensive network of stream
monitoring stations in Puerto Rico indicated a 74% (over 4000 miles of rivers and streams)
incidence of high fecal coliform levels that were above USEPA acceptable threshold levels for
safe recreational use (USEPA, 2012a).
Leptospira in Trinidad
Similar to Puerto Rico, Trinidad suffers from multiple heavy rainfall events during the
wet season. However, the risk of hurricanes in Trinidad is minimal when compared to other
Caribbean islands due to the island’s location. Trinidad is situated in the southern region of the
Caribbean and, typically, hurricanes move in a north-westerly direction from the west coast of
Africa. In 2017, the island of Trinidad was impacted by tropical storm Bret early on June 20th.
The result of the tropical storm left a total of $3 million US dollars in damaged infrastructure and
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fatality was reported in the island. Flooding was reported across the island with 2-5 inches of
rain.
According to an article released by Loop News, Health Minister Terrance Deyalsingh
declared a total of 58 suspected cases of leptospirosis in Trinidad and Tobago in October 2017
(Polo 2017). Once suspected symptoms of leptospirosis are expressed, health care workers
follow a protocol that includes immediate treatment with antibiotics. However, lack of diagnose
does not provide concrete information of the potential increased danger of leptospirosis.
Veterinary clinics in the island provide booster vaccinations to domesticated dogs against
specific serogroups (canicola and icterohaemorrhagiae). Nonetheless, this does not provide
complete protection against all pathogenic Leptospira (Adesiyun et al. 2006).
Most animals that survive a mild leptospirosis infection still pose a threat to humans by
harboring the pathogenic bacterium in their kidneys and dispersing it into the environment
(Mgode et al. 2015). In addition to Trinidad’s weather conditions, both flooding and heavy
rainfall increases the exposure of pathogens and fecal bacteria in the environment (USEPA 2012;
Barragan et al. 2017). To assess the correlation between the presence of pathogenic Leptopsira
and E. coli may provide essential data to public health officials in Trinidad that may emphasis
the importance on detecting and controlling pathogenic Leptospira in the environment.
According to the USEPA, fecal indicator bacteria enumeration (eg. E. coli) correlates with the
presence of pathogens to evaluate the potential health risk of environmental surface water.
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Materials and Methods
Sampling Sites
Thirty-two sites (Fig. 1) were chosen along a series of lagoons, streams and rivers in
urban or semi-urban locations of Puerto Rico that were reported to contain high concentrations of
fecal bacteria (USEPA 2012; Wade et al. 2015). It was assumed that urban or semi-urban
locations would have higher densities of rodents, dogs and cats compared to rural areas. Based
on visual observations many of the sites showed no water flow (i.e. QPL, QM, RY,) while the
rest showed low water flow. Using methods compatible to those employed by EQB personnel
during routine monitoring activities, the locations were sampled form November to December
(wet) and April to May (dry) seasons of 2014. From each site, duplicate 250 mL samples were
collected in pre-labelled Whirlpaks on a line sampler or sampling pole. Once sealed, the samples
were transported to the laboratory on ice and processed within six hours of sampling.
Fifty-eight water samples were collected in different regions of Trinidad which included
23 coastal sites and 12 sampling sites along the freshwater brackish. The coastal sites for the
Trinidad samples included: beaches, fishing areas and bays. Most of the marine sites are
considered recreational areas with a high density of tourists (Fig. 2). Also, within the first week
of June, samples were collected from bays, beaches and rivers. The samples were acquired in
duplicates with the use of a 500 ml of autoclaved water sampling bottle. Each sample was
collected above 50 centimeters of the water’s surface to avoid an excessive amount of sediment
in the samples.
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Figure 1: Location of coastal samples in Puerto Rico

Figure 2: Location of Trinidad samples
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Physical Parameters
Turbidity, dissolved oxygen, pH and temperature were measured and recorded on the field using
a YSI Pro2030 meter in the both wet and dry seasons of Puerto Rico (Table 5) and Trinidad
(Table 8).
E. coli enumeration
A hundred mL of each sample were analyzed for E. coli, using USEPA Standard Method
9223, ColilertTM 18 media sealed using a Quanti-Tray sealer and incubated at 35.5°C for 18
hours (USEPA, 2007). Fluorescent cells were considered positive for E. coli colonies and total
counts were determined using quantification tables from the manufacturer (IDEXX Laboratories
Inc., Westbrook, ME, USA).
DNA Extraction
A hundred milliliters of the water samples were filtered through 0.22-μm-pore-size
nitrocellulose membrane filters (Type GS, Millipore, Billerica, MA, USA), were kept frozen at 80°C and shipped on dry ice to Georgia College and State University for further analysis. DNA
was extracted from the filters through the use of the MoBio UltracleanTM Soil DNA Kit
(Carlsbad, CA, USA) for the Puerto Rico samples and Quiagen DNeasy PowerSoil Kit for the
Trinidad samples using a modified protocol (Bachoon et al. 2010; Sherchan and Bachoon, 2011).
Extracted DNA was quantified using a Nanodrop ND-1000 Spectrophotometer (Wilmington,
DE).
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Quantitative Polymerase Chain Reaction (qPCR) assay
Real-time PCR assay was used to target the Lipl32 gene using 200 microliter optical
tubes and a total volume of 20 microliters. The assay was performed in duplicates for both sets of
Puerto Rico samples and triplicates for the Trinidad samples. The Bio-Rad CFX96 (Hercules,
California 94547, USA) was used containing 1 microliter of extracted sample DNA, 1 microliter
of each of the primers, 80 nanomolar of a FamTM labeled TaqmanR probe, 9 microliters of
deionized water and 0.2 microliters of bovine serum albumin (Sigma). A temperature gradient
was done to determine the optimal annealing temperature to analyze the samples.
The concentrations used for the primers were 500 nanomolar of Lipl32-45F (forward
primer; 5'- AAGCATTACCG CTTGTGGTG-3'), 500 nanomolar of Lipl32-286R (reverse
primer; 5'-GAACTCCCATTTCAGCGATT-3') and 100 nanomolar of Lipl32-189P (probe;
FAM-5'-AAAGCCAGGACAAGCGCCG-3'-BHQ1) (Rawlings et al. 2014). The thermal
conditions used in the reaction started of 95°C for 3 min, followed by 40 cycles of 95°C for 10
seconds and 55°C for 30 seconds. Escherichia coli strain K-12 was used in the reaction as the
negative control, the DNA extracted from Leptospira interrogans as the positive control and notemplate controls which did not contained DNA. Statistical analyses were performed with the R®
program. Spearman’s correlation test was used to evaluate the relationship between the E. coli
quantification and lipl32 gene copies.
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Results and Discussion
Puerto Rico Samples
Dry season samples had water temperature that ranged from 23.3 °C to 30.6 °C with an
average temperature of 25.8 °C. In wet season samples, water temperature ranged from 11 °C to
31.3 °C with an average of 25.7°C. The pH ranged from 6.8 at Río Blanco and Río Fajardo to
8.7 Río Grande de Loíza and had an average of 7.6., which is conducive to the survival of these
spirochetes (Saito et al. 2013). The temperature and pH values were all within acceptable
USEPA regulatory standards for recreational waters (USEPA 2012). The DO at the sampling
sites ranged from 0.3 mg/L at Río Blanco which appeared to have no water flow at the time of
sampling to 8.4 mg/L at Río Tallaboa with an average of 5.22 mg/L. Overall, 38% of the sites of
the dry season sites and 28% of the wet season sites contained DO levels ≤ 4 mg/L which are
relatively low compared to USEPA recommended DO levels of > 4 mg/L for healthy freshwater
systems (USEPA 2016). This may be due to the low river flow and high organic carbon load
from fecal pollution which could result in high biological oxygen demand conditions at the
sampling sites.

Table 1. Escherichia coli enumeration and average genome copies (+ standard deviation) of
pathogenic Leptospira in wet and dry seasons of Puerto Rico.

Station

CAM
EsSan

Site

Dry Season
E. coli

Lipl32

Wet Season
E. coli

Río Camuy
Río Espíritu Santo

MPN/100mL
x10²
4.37
2.47

Average Genome
Copies
-

MPN/100mL
x10²
118.81
2.07
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Lipl32
Average
Genome
Copies
33.58± 21.80
50.85± 12.48

Guay
QM
RFaj
RGL2

Río Guayanilla
Quebrada Majagual
Río Fajardo
Río Loíza

1.94
16.2
18.37
12.4

40.80± 16.61

2.41
57.96
474
1.98

56.31± 18.23
8.99± 8.01
8.94± 4.45
-

The level of E. coli in the water bodies was used as the main biological parameter for
determining the quality of the water in the sampling area. Escherichia coli levels were assessed
because US EPA currently recommends using E. coli to evaluate fecal contamination in
recreational freshwater systems (USEPA 2012). IDEXX ColilertTM 18 media indicated that 19
of the dry season sites and 18 of the wet season sites had E. coli counts above 410 MPN/ 100 ml
and would be considered as unsafe based on USEPA criteria for safe recreational use (USEPA
2012). This agreed with previous research that indicated that over 50% of the sites in our study
regions were contaminated with unsafe levels of fecal bacteria (Wade et al. 2015; Bachoon et al.
2010). The high level of fecal bacteria in these water bodies (Table 2) suggest that many of the
surface water samples were contaminated with fecal waste and can potentially contain pathogens
such as Leptospira that are shed in animal urine. However, there is a lack of strong evidence that
ties fecal pollution to human infections with Leptospira.
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Table 2. Escherichia coli enumeration and average genome copies (± standard deviation) of
pathogenic Leptospira in all wet and dry seasons of Puerto Rico
Dry Season
Sample

E. coli
MPN/100mL
x102

Río Arecibo
Canal Blasina
Río Blanco
Río Bucaná
Río Camuy
Quebrada Costa Azul
Río Cibuco
Río Culebrinas
Río Espíritu Santo
Río Guayanilla
Río Humacao
Río La Plata
Río Macana
Río Mameyes
Río Manatí
Río Matilde
Río Patillas
Quebrada Majagual
Quebrada de Oro
Quebrada Parque del Litoral
Río Añasco
Río Fajardo
Río Guanajibo
Grande de Loíza
Río Loíza
Río Loco
Río Piedras
Río Yagüez
Río Salinas
Quebrada San Antón
Río Tallaboa
Río Yauco

2.80
42.39
0.61
25.60
4.37
440.59
1.39
4.44
2.47
1.94
19.21
24.23
10.06
59.31
81.40
314.65
0.62
16.20
46.40
20.60
2.07
18.37
2.90
1.04
12.40
3.79
17.13
TNTC
2.90
19.90
3.96
2.45

Lipl32
Average
Genome
Copies
40.80+16.61
-
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Wet Season
E. coli
MPN/100mL
x102
ND
ND
8.86
7.24
118.81
4.87
136.39
6.95
2.07
2.41
253.35
218.07
31.70
2.97
4.09
12.67
3.92
57.96
ND
28.88
ND
474
21.70
304
1.98
ND
483.92
ND
2.21
TNTC
1.60
4.74

Lipl32
Average
Genome
Copies
33.58+ 21.80
50.85+12.48
56.31+ 18.23
8.99+ 8.01
8.94+ 4.45
-

In order to investigate the relationship between fecal pollution concentration and the
presence of pathogenic Leptospira; water samples were screened using the lipl32 gene qPCR
assay that was optimized for environmental samples (Rawlings et al. 2014; Riediger et al. 2016).
Samples with Ct< 40 were considered positive and the detection limit of the assay was set at 1
genome unit of L. interrogans serovar Pomona. In the dry season, the only sample from Loíza
that contained 1240 E. coli cell /100 ml had detectable levels (~ 40 genome copies) of
pathogenic Leptopsira. In wet season samples (Table 2 and 6) pathogenic Leptospira were
detected in five of the locations with varying concentrations of E. coli; Camuy (~33 genome
copies), Espíritu Santo (~51 genome copies), Río Guayanilla (~56 genome copies), Quebrada
Majagul (~9 genome copies) and Río Fajardo (~ 9 genome copies). The failure to detect the
bacteria could be due to the low level of infected rodents or other potential resoviors, such as
dogs and cats, in the study area as well as to the dilution of the animal urine in the rivers and
streams. There was no statistically significant correlation (correlation coefficient -0.24) between
the concentration of E. coli and the presence of pathogenic Leptospira in the water samples
(Table 2 and 6). This was attributed to the fact that only 6 of the 64 water samples assayed had
detectable concentrations of pathogenic Leptospira and to the ability of E. coli to survive for
extended periods and multiply in pristine environments of Puerto Rico. (Hazen, 1988; SoloGabriele et al. 2000). Therefore, it appears that enumeration of E. coli is not a reliable indicator
or surrogate for the presence of the pathogenic spirochete in tropical environments.
The results in Table 1, indicated that the six locations where pathogenic Leptospira were
detected had less than 60 genome copies/100 ml of the bacterium. This low concentration of the
detection of the bacteria may still pose a public health risk since reports suggest a low dose of
pathogenic Leptospira is infectious to humans (Hochedez et al. 2013; Adesiyun et al. 2011). The
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host’s response towards the development of leptospirosis may be linked to the number of
pathogens that entered the body (Haake and Levett 2015). If an individual is exposed to a large
dose of pathogenic Leptospira, the severity of the illness increases (Hochedez et al. 2013).
Furthermore, Leptospira can remain infectious in freshwater environments for over 20
months (Andre- Fontaine et al. 2015). The increase in the presence of pathogenic Leptospira in
surface water samples in the wet season was expected and agrees with previous studies (Smith et
al. 2013; Barragan et al. 2017). Therefore, it appears that heavy rainfall or hurricanes increases
the chance of surface water contamination of Leptospira from the urine of carrier animals such
as rats, mongoose and other animals in Puerto Rico. These findings are supported by several
studies that have reported large outbreaks of leptospirosis following heavy rainfall and flooding
events (Goarant et al. 2009; Smith et al. 2013). The increase in the presence of Leptospira in
surface waters after heavy rain fall or flooding events on the island is particularly troubling for
the Caribbean Islands because many of these islands are frequently impacted by hurricanes and
the frequency of these event is likely to increase in response to global climate change.
In conclusion, the lipl32 gene qPCR assay is a useful tool for the rapid detection of
pathogenic Leptospira in environmental water samples. The presence of pathogenic Leptospira
in surface water samples in Puerto Rico were greater in the wet season compared to the dry
season. There was no significant relationship between the level of E. coli concentration and the
detection of Leptospira in the rivers and streams. Future studies should try to link the presence
of pathogenic Leptospira to a specific animal sources (rats, mongoose, cattle, etc.) and develop
public health preventative measures to limit the spread of this disease on the island.
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Trinidad Samples
Water temperature ranged from 25.7°C to 39.1°C with an average of 28.8°C. Optimal
temperatures for the survival of the pathogenic spirochetes outside their host range from 4°C to
40°C (Barragan et al. 2017; Andre-Fontaine et al. 2015). All 58 water samples fell within the
optimal temperature range for the survival of Leptospira. The pH of the water samples ranged
from 8.1 to 9.2 with an average of 8.7. There has been evidence that pathogenic Leptospira are
able to survive in both water and soil with a pH between 5.5 to 7.6 (Barragan et al. 2017; Saito et
al. 2013). However, evidence suggest that the pathogenic spirochete is considered viable
between the pH of 7 and 8 due to the ability in metabolize urea in pure urine (Kadis and Pugh
1974). However, the bacteria are able to survive for a longer period in diluted urine (KhairaniBejo et al. 2004). DO levels ranged from 0.3 mg/L to 9.6 mg/L with an average of 6.2 mg/L.
Overall, 12% of the samples contained less than 4 mg/L of DO levels. DO levels change daily
and seasonally due to the fluctuation in temperature. The concentration of DO in warm surface
water holds less DO than cold water. The salinity measurements in the samples ranged from 0.09
ppt to 48.9 ppt with an average of 24.2 ppt.
The level of E. coli in the water samples was used to determine the water quality of the
sampled sites. The US EPA recommends the use of E. coli as a fecal indicator bacteria in
recreational water (USEPA 2012). IDEXX ColilertTM 18 media showed that 18 out of the 58
water sampled sites exceeded the recommended E. coli counts according to the USEPA criteria
for safe recreational use (USEPA 2012). This agreed with previous research that showed
sampled sites, such as Maracas Bay, Salybia Beach, Mosquito Creek, Balandra, Carioni Swamp
and Quinam Bay region impacted with fecal pollution (Bachoon et al. 2010).
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Table 3. Escherichia coli enumeration and average genome copies (+ standard deviation) of
pathogenic Leptospira in Trinidad samples.
Station

T-22
T-27
T-29
T-31
T-41
T-44
T-55
T-56

Site

Maracas River
Las Cuevas Site One
La Fillette
Yara River
Nariva River Mouth/Manzanilla
Guayaguayare River
Mosquito Creek River Mouth/ Godineau Site One
Mosquito Creek Site Two

E. coli
MPN/100m
L
x10²
2.402
2.778
4.721
24.196
1.031
2.812
6.294
9.606

Lipl32
Average Genome
Copies
3.3± 1.86
0.7± 0.94
0.7± 0.94
2.0± 0.94
1.7± 2.36
0.7± 0.94
2.0± 2.83
16668± 23568.81

The high level of fecal bacteria in the sampled sites indicates a potential contamination of
pathogens, such as Leptospira. However, to better understand the relationship between the
presence of pathogenic Leptospira and fecal pollution, a qPCR assay was used to identify the
presence of the Lipl32 gene (Rawlings et al. 2014; Riediger et al. 2016) in samples. The qPCR
protocol used for the previous Puerto Rico investigation was applied to the Trinidad samples.
Out of the 58 samples, detection of the Lipl32 gene was detected in 6 freshwater samples and 2
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marine water sampled sites. The detectable amount of the Lipl32 gene in the 8 sampled sites
contained varying concentrations of E. coli (Table 3); the genome copies for the Maracas River
(~3.3), Las Cuevas Site One (~0.7), La Fillette (~0.7), Yara River (~2), Nariva River
Mouth/Manzanilla (~1.7), Guayaguayare River (~0.7), Mosquito Creek River Mouth/ Godineau
Site One (~2) and Mosquito Creek Site Two (~16.668). A significant amount of genome copies
was detected in the location of Mosquito Creek Site Two has multiple rivers that flow through a
swamp land into the creek. Near the Mosquito Creek Site, land is used for the purpose of
domestic and commercial farming. Farm animals, such as cattle and pigs, known for carrying
and discharging the pathogenic leptospires may be responsible for the pollution of the nearby
surface water body. Surface runoff due to occasional heavy rainfall may move the pathogenic
spirochetes from soil to water. All locations with detected levels of the Lipl32 genome copies are
classified as rural.

Table 4. Escherichia coli enumeration and average genome copies (± standard deviation) of
pathogenic Leptospira in all Trinidad samples.
Sample

E. coli
MPN/100
mL
x10²

Valencia Middle Course
Valencia Lower Course
Salybia estuary/river (Brakish water)
Salybia river mouth

0.568
0.762
1.876
1.578
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Lipl32
Average
Genome
Copies
-

Salybia bay
Balandra Site One
Balandra Site Two
Rampalanagas
Toco Bay Site One
Toco Bay Site Two
San Souci Site One
San Souci Site Two
Missions Bay Site One
Missions Bay Site Two
Brickfield Fishing Bay
Brickfield River
Waterloo Sea
Orange Valley Fishing Bay
Carli Bay
Caroni Swamp Boat Dock Site One
Caroni Swamp Site Two
Maracas River
Maracas River Mouth
Maracas Beach Site One
Maracas Beach Site Two
Tyrico BAY
Las Cuevas Site One
Las Cuevas Site Two
La Fillette
Blanchisseuse
Yara River
Macqueripe
Chaguaramas TTYSA Site One
Chaguaramas TTYSA Site Two
Chaguaramas Boardwalk Site One
Chaguaramas Boardwalk Site Two
Williams Bay
Manzanilla Le Branch River Mouth
Manzanilla Fishing Bay
Manzanilla Boardwalk
Nariva River Mouth/Manzanilla
Ortoire River Mouth/Manzanilla
Ortoire River Lower Course
Guayaguayare River
Guayaguayare Beach/ Industrial
Guayaguayare Sea Wall
Guayaguayare Fishing Depot
Mayaro /Church Road Site One

0.742
0.432
0.466
3.874
0.726
1.068
1.1
1.054
4.168
3.872
39.726
48.392
25.994
24.066
5.412
7.844
10.728
2.405
3.123
1.918
1.809
0.604
2.778
3.223
4.721
2.436
24.196
1.708
19.212
NA
6.294
6.015
5.504
2.31
1.894
1.437
1.031
1.811
1.691
2.812
1.506
1.159
6.893
0.595
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3.3
0.7
0.7
2
1.7
0.7
-

Mayaro Site Two
Mafeking Bridge/ Ortoire River Middle Course
Morne Diablo
Quinam Beach Site One
Quinam Beach Site Two
Oropouche/Godineau River
Mosquito Creek River Mouth/ Godineau Site One
Mosquito Creek Site Two
Mosquito Creek Beginning Site Three
Kings Warf San Fernando

0.652
3.811
0.623
3.968
NA
5.748
6.294
9.606
10.112
11.496

2
16668
-

There was a slight positive correlation (correlation coefficient 0.15) between the
correlation of E. coli and the presence of pathogenic Leptospira in the water samples (Table 3).
The results in Table 4 and 3, indicated that the 7 locations where pathogenic Leptospira were
detected had less than 5 genome copies/100 ml of the bacterium.
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Conclusion
Leptospirosis is a potential deadly zoonotic disease found in many endemic regions
throughout the Caribbean. The prolonged survival of the infectious Leptospira bacteria in the
environment increases the potential to infect a wide range of hosts. The increased rate of
transmission of leptospirosis is expected to rise due to global warming resulting in an increase of
heavy rainfall and worsening of storms (Barragan et al. 2017; Grimmond, 2007). The aim of this
study was to detect the presence of pathogenic Leptospira in collected Puerto Rico and Trinidad
environmental water. In addition, statistical analysis was performed to determine the correlation
of the presence of E. coli and average Lipl32 genome copies. Taqman qPCR was used to detect
the presence of the Lipl32 gene, which exists only in pathogenic Leptospira strains. Genome of
the Leptospira interrogans serovar Ponoma was used to detect the Lipl32 gene in environmental
water samples. Detection of the Lipl32 gene was found in 9% of the Puerto Rico water samples,
and 12% of the Trinidad water samples. The low presence of the detection of the Lipl32 gene in
environmental water samples may be due to dilution of the bacteria and/or low prevalence of
wild and domestic animals in the area. In addition, there is evidence that prolonged
environmental exposure to sunlight reduces the survival of Leptospira (Barragan et al. 2017).
Correlation of the presence of E. coli and Lipl32 average genome copies was not found for the
Puerto Rico samples (Table 1). However, in the Trinidad samples there was a slight positive
correlation between the presence of E. coli and Lipl32 average genome copies (Table 3).
Overall, leptospirosis is a widely distributed zoonotic disease that is commonly found
throughout the Caribbean. By identifying the environmental microbial water quality may help
address and eventually reduce potential sources of contamination that may impact human health
and the economy of the country. Determining the presence of pathogenic Leptospira in the sites
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across Puerto Rico and Trinidad could provide useful information to health officials for reducing
the incidence of diseases in humans.
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Appendix
Table 5. Puerto Rico physiochemical parameters for dry and [wet] seasons 2014.
Site

Temperature
(°C)

Specific
Conductivity
(mS/cm)

Salinity
(ppt)

Dissolved
Oxygen
(ppm)

pH

Río Arecibo

25.6 [11.5]

338 [208]

0.2 [0.1]

8.2 [7.1]

7.9 [7.4]

Canal Blasina

28.2 [27.4]

324665 [7050]

20.2 [4]

1.9 [0.4]

7.8 [7]

Río Blanco

25.0 [24.6]

342 [268]

0.2 [0.1]

0.3 [4.6]

6.8 [6.8]

Río Bucaná

25.4 [26.7]

35020 [14937]

22.0 [8.7] 3.3 [3.8]

7.6 [7.8]

Río Camuy

23.7 [12.5]

492 [315]

0.2 [0.2]

7.2 [8]

7.6 [7.9]

Quebrada Costa Azul

26.4 [26.4]

12124 [9714]

9.9 [5.5]

1.5 [7]

7.6 [7.9]

Río Cibuco

24.0 [24.9]

589 [365]

0.3 [0.2]

7.7 [5.7]

7.9 [7.3]

Río Culebrinas

25.4 [26.1]

2050 [1322]

1.1 [0.7]

6.1 [8.1]

7.9 [7.8]

Río Espíritu Santo

25.0 [26.4]

10389 [12624]

5.9 [7.2]

5.2 [5.2]

7.1 [7.4]

Río Guayanilla

30.6 [29.7]

874 [463]

0.4 [0.2]

3.8 [7.6]

7.4 [7.9]

Río Humacao

27.8 [25]

382 [167]

0.2 [0.1]

7.9 [7.5]

7.4 [7.2]

Río La Plata

26.0 [26.4]

3849 [1166]

2.0 [0.6]

4.8 [3.4]

7.4 [7.2]

Río Macana

27.0 [31.3]

53345 [50701]

35.2 [33]

2.3 [4.7]

7.7 [7.6]

Río Mameyes

23.9 [26.2]

651 [6517]

0.3 [3.5]

7.7 [3.1]

7.3 [ND]

Río Manatí

27.2 [11]

2198 [2204]

1.2 [1.1]

7.6 [6.1]

8.2 [7.5]

Río Matilde

23.3 [26.8]

2609 [706]

1.4 [0.3]

5.6 [5.8]

7.8 [8]

Río Grande Patillas

26.1 [26.9]

360 [199]

0.2 [0.1]

7.5 [7.1]

7.3 [ND]

Quebrada Majagual

25.1 [27.2]

8178 [637]

4.6 [0.3]

3.1 [4.6]

8.0 [7.7]

Quebrada de Oro

24.0 [27.4]

1027 [28785]

0.5 [17.3] 0.8 [2.4]

7.3 [7.3]

Quebrada Parque del
Litoral

25.9 [28.8]

7673 [377]

4.2 [0.2]

7.3 [5.1]

7.3 [7.6]

Río Añasco

26.6 [25.6]

509 [3596]

0.3 [1.8]

7.0 [6.9]

7.9 [7.5]
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Río Fajardo

24.4 [28]

681 [1126]

0.3 [0.6]

3.5 [4.5]

6.8 [7]

Río Guanajibo

24.5 [25.6]

737 [449]

0.4 [0.2]

5.8 [6.2]

8.1 [7.7]

Río Grande de Loíza

26.7 [27.4]

6488 [5438]

3.5 [2.9]

7.9 [5.4]

8.7 [4.6]

Río Loíza

26.3 [27.2]

48134 [3014]

31.3 [1.6] 6.9 [2.5]

7.5 [7]

Río Loco

25.5 [29.6]

904 [811]

0.4 [0.4]

5.4 [5.2]

7.6 [ND]

Río Piedras

26.8 [29.5]

6213 [4640]

3.4 [2.4]

7.0 [3.3]

7.7 [7.7]

Río Yagüez

27.6 [27.4]

362 [30490]

0.2 [17.7] 6.0 [4.4]

8.0 [7.9]

Río Salinas

24.1 [26.2]

638 [975]

0.3 [0.5]

2.0 [0.5]

7.4 [7.3]

Quebrada San Antón

25.5 [26.7]

1180 [406]

0.7 [0.2]

3.8 [5.9]

7.4 [4.5]

Río Tallaboa

24.4 [28.5]

476 [401]

0.2 [0.2]

8.4 [7.6]

7.6 [8.1]

Río Yauco

29.0 [28.2]

13110 [7410]

7.4 [4.1]

3.7 [3.9]

7.8 [7.9]

The numbers represented in brackets shows the physiochemical parameters for the Puerto Rico wet
samples
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Table 6. Detection of pathogenic Leptospira with the average genome copies and E. coli
enumeration for the Puerto Rico 2014 wet season samples.

Station
Cam
EsSan
Guay
QM
Rfaj

Site
Río Camuy
Río Espíritu Santo
Río Guayanilla
Quebrada Majagual
Río Fajardo

Wet Season
E. coli
MPN/100mL
11881
207
241
5796
474

Lipl32 Average Genome Copies
33.58
50.85
56.31
8.99
8.94

Table 7. Detection of pathogenic Leptospira with the average genome copies and E. coli
enumeration for the Puerto Rico 2014 dry season samples.

Station
RGL2

Site
Río Loíza

Dry Season
E. coli MPN/100mL
1240

42

Lipl32 Average Genome Copies
40.8

Table 8. Trinidad physiochemical parameters.
Site

Temperature Conductivity Salinity DO
(°C)
ppt
mg/L
µs/cm

pH

Classification

Valencia Middle
Course

26.8

374.8

0.17

6.38

8.77

R

Valencia Lower
Course

26.8

379.4

0.17

7.37

8.82

R

Salybia estuary/river
(Brakish water)

29.4

10516

1.77

5.58

8.46

R

Salybia river mouth

28.4

3855

5.35

7.27

8.72

R

Salybia bay

39.1

25299

25.91

7.29

8.84

R

Balandra Site One

29.53

52484

31.37

6.89

8.86

R

Balandra Site Two

30.8

53262

30.35

6.42

8.88

R

Rampalanagas

29.1

50022

29.93

6.95

8.9

R

Toco Bay Site One

30.1

57735

34.59

9.62

8.93

R

Toco Bay Site Two

31.4

58930

34.3

9.62

9.07

R

San Souci Site One

27.23

55949

34.66

6.75

8.8

R

San Souci Site Two

27.7

55928

36.11

7.79

8.28

R

Missions Bay Site
One

27.5

57198

35.85

6.91

8.84

R

Missions Bay Site
Two

27.9

57767

36.18

7.09

8.9

R

Brickfield Fishing
Bay

28.6

51732

31.47

0.83

8.45

R

Brickfield River

28.5

49328

29.93

0.32

8.26

R

Waterloo Sea

29.4

51967

31.1

3.56

8.33

R

Orange Valley
Fishing Bay

29.6

53296

31.83

4.18

8.41

R

Carli Bay

31.1

50298

28.9

6.69

8.73

R
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Caroni Swamp Boat
Dock Site One

31.2

37444

15.42

7.72

8.44

R

Caroni Swamp Site
Two

31.1

37359

20.87

3.84

8.29

R

Maracas River

26

2353

1.17

3.91

9.12

R

Maracas River
Mouth

26.9

35869

2.73

6

8.72

R

Maracas Beach Site
One

27.4

48647

25.32

7.74

8.84

R

Maracas Beach Site
Two

27.4

50212

29.99

7.036

8.87

R

Tyrico BAY

27.2

51530

32.13

6.95

8.86

R

Las Cuevas Site One

27.2

52500

32.89

6.84

8.87

R

Las Cuevas Site Two

27.2

46707

27.5

7.15

8.85

R

La Fillette

27.2

47658

26.24

7.31

8.85

R

26

40705

25.07

7.44

8.8

R

Yara River

25.7

190

0.09

7.2

9.22

R

Macqueripe

27.8

48328

29.63

6.69

8.77

SU

Chaguaramas
TTYSA Site One

29.2

48332

28.77

6.92

8.88

SU

Chaguaramas
TTYSA Site Two

29

48051

28.72

6.01

8.78

SU

Chaguaramas
Boardwalk Site One

28.8

48271

48.97

6.66

8.91

SU

Chaguaramas
Boardwalk Site Two

29

48655

29.16

6.51

8.95

SU

Williams Bay

29.1

48856

29.22

7

8.9

SU

Manzanilla Le
Branch River Mouth

28.3

42018

25.19

6.17

8.86

R

Manzanilla Fishing
Bay

28.5

42083

25.55

7.12

8.85

R

Manzanilla
Boardwalk

28.3

40809

24.26

7.05

8.83

R

Nariva River
Mouth/Manzanilla

28.8

43094

21.4

7.22

8.96

R

Ortoire River

29.3

40062

23.35

6.8

8.63

R

Blanchisseuse
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Mouth/Manzanilla
Ortoire River Lower
Course

29.1

40605

23.76

6.45

8.64

R

Guayaguayare River

28.5

295.08

14.4

4.66

8.56

R

Guayaguayare
Beach/ Industrial

28.4

35119

20.45

7.21

8.83

R

Guayaguayare Sea
Wall

28.7

40142

23.42

7.08

8.92

R

29

40689

24.01

6.95

8.97

R

Mayaro /Church
Road Site One

28.4

40433

23.73

7.01

8.88

R

Mayaro Site Two

28.4

36167

22.26

7.47

8.89

R

Mafeking Bridge/
Ortoire River Middle
Course

28.6

6645

3.36

2.53

8.49

R

Morne Diablo

29.5

42538

25.5

7.01

8.78

R

Quinam Beach Site
One

30.5

40841

23.17

6.58

8.83

R

Quinam Beach Site
Two

30.6

41008

22.78

6.55

8.81

R

Oropouche/Godineau
River

29.8

14145

9.14

2.77

8.14

R

Mosquito Creek
River Mouth/
Godineau Site One

29.5

53293

31.89

5.18

8.61

R

Mosquito Creek Site
Two

30.5

54354

31.98

4.35

8.49

R

Mosquito Creek
Beginning Site Three

30.5

54354

31.97

5.3

8.61

R

Kings Warf San
Fernando

28.9

53202

32.25

4.72

8.69

R

Guayaguayare
Fishing Depot

SU = sub-urban; U= urban; R= rural
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Table 9. Detection of pathogenic Leptospira with the average genome copies and E. coli
enumeration for the Trinidad samples.
Station

Site

E. coli
MPN/100mL

T-22
T-27
T-29
T-31
T-41
T-44
T-55
T-56

Maracas River
Las Cuevas Site One
La Fillette
Yara River
Nariva River Mouth/Manzanilla
Guayaguayare River
Mosquito Creek River Mouth/ Godineau Site One
Mosquito Creek Site Two

240.2
277.8
472.1
2419.6
103.1
281.2
629.4
960.6
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Lipl32
Average Genome
Copies
3.3
0.7
0.7
2
1.7
0.7
2
16,668

